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It is suggested that the internal energy of the latent heat of vaporization is completely utilized by 
the atoms to overcome on the surface resistance of the liquid.  This energy can be calculated 
using a simple atomic model.  The theoretical values of the proposed model were compared to 
experimental data of monoatomic liquids (47 elements).  The found excellent agreement between 
the calculated and experimental values indicates that the proposed model correctly describes the 
physics of vaporization. 
 
The latent heat of vaporization is an extremely important physical process with many 
applications to chemistry, physics, and biology.  Thermodynamic defines the latent heat of 
vaporization ( )vL as the energy which has to be supplied to the system in order to complete the 
liquid-vapor phase transformation.  At constant pressure the energy is absorbed at constant 
temperature.  The absorbed energy not just increases the internal energy of the system (U) but 
also used for the external work of the expansion (w). The latent heat of vaporization is then 
wUL vvv ∆+∆=  (1)
The work of the expansion at vaporization is 
( )LVv VVpw −=∆  (2)
where p is the pressure, VV  is the volume of the vapor, and LV  is the volume of the liquid. 
Several empirical and semi-empirical relationships are known for calculating the latent heat 
for the vaporization [1 and refs. therein]. Eventhough, there is no consensus on the exact physics, 
there is a general consensus that the surface energy must be an important part of the latent heat of 
vaporization.  The vaporization diminishes the surface energy of the liquid thus this energy must 
be supplied to the system. 
Laplace in his theory suggested that the ratio of the molar total surface energy and the molar 
internal latent heat is constant with respect to the temperature.  Weisskoph [2] determined the 
total surface area by slicing the substance at the linear dimension of one molecule and sum these 
surfaces.  According to Laplace’s theory the latent heat of vaporization should be calculated by 
multiplying the total surface area with the surface tension.  The calculated latent heat values of 
the model were in an order of magnitude agreement with experiments. 
Agrawal and Menon [3] proposed calculating the area for the surface tension as:  
Ld
1A ρ=  (3)
where d is the average distance between the molecules and Lρ  is the density of the liquid.  The 
internal energy able to diminish the entire surface energy is then:  





γ=γ=∆ γ  (4)
where LVγ  is the surface tension at the boiling temperature.  The latent heat was calculated by 
adding the work required for the volume expansion at the boiling temperature [Eq.(2)] to the 
internal energy [Eq.(4)].  The calculated latent heat values were compared to experiments of Li, 
Na, K, Rb, and Cs.  In order to reproduce the experiments the introduction of a multiplier 
[ ]1.73.4f ÷=  was necessary. 
Based on speculations an atomic model is proposed to explain the physical phenomenon of 
the latent heat of vaporization.  The model allows calculating the energy for the latent heat of 
vaporization.  The theoretical values of the model will be compared to the experiments of 
monoatomic systems. 
The physical conditions are not uniform at atomic level in a liquid and distinction must be 
made between surface and inside atoms.  Atoms at the surface atoms are held together by the 
surface energy while the inside atoms can move freely.  The limited freedom of the tightly held 
surface atoms result that their thermal energy is more equalized than the thermal energy of the 
rest of the atoms inside the liquid.  The predicted probability distribution for the thermal energies 
of the atoms is shown on Fig. 1.  Based on the ‘wider’ energy distribution of the inner atoms 
these atoms have higher probability of escaping from the liquid than the atoms at the surface. 
The surface layer of the liquid is flexible.  If an inside atom with high energy hits the surface 
then the surface will absorb the energy through deformation. The maximum resistance of the 
deformed surface is achieved when the center of the out going atom reaches the plain of the 
surface (Fig. 2).  Beyond that maximum resistance the area of the surface starts to decrease and 
eventually leads to the detachment of the atom from the liquid. It is suggested that the extra 
energy, required for an atom to escape from the liquid, is equal with the maximum surface area 
resistance.  Assuming that the surface of the liquid contains one atomic layer then the maximum 
surface area [A] around an atom is: 
( ) 22 r8r22A π=π=  (5)
where, r is the radius of the atoms.  Multiplying the maximum surface area with the number of 
moles [n], the Avogadro’s number [ AN ], and the surface tension at the boiling temperature gives 
the internal energy required for the vaporization. 
2
LVAV rNn8U γπ=∆  (6)
The latent heat of vaporization is the sum of the internal energy Eq. (6) and the external work Eq. 
(2).  Assuming that the ideal gas law is valid and the volume of the liquid is negligible then the 
extension work can be calculated as: 
( ) bbVv nRTTpVw ==∆  (7)
where R is the universal gas constant, and bT  is the boiling temperature in Kelvin.  The latent 
heat of vaporization is then 
 - 3 -
( )b2LVAV RTrN8nL +γπ= . (8)
Experimental data of monoatomic liquids have been used for the evaluation of Eq. (8).  The 
physical properties of the 47 elements used for the investigation are listed in Table 1.  Using the 
experimental latent heat values of vaporization the radius of the surface area was determined in 
atomic radius units.  With the exceptions of the elements in group 14 (C, Si, Ge, and Sn) and 18 
(Ne, Ar, Kr, Xe) the calculated values are reasonable close to the theoretical value of 2r.  For the 
exceptions the average radius for the maximum surface area is 3.17r.  Possible explanation for 
this irregularity could be that the surface of these liquids contains two atomic layers.  The 
correlation coefficient for the remaining 39 elements with one surface layer is 0.9766, and the 
surface radius is 1.95r.   
The residuals of the latent heat of vaporization were plotted against the atomic radius and the 
surface tension (Fig. 3).  Based on visual inspection it can be concluded that there are only 
random errors present in both cases.  The lack of systematic error indicates that the proposed 
mathematical formula Eq. (8) does not require further modification or adjustment. 
The size of the investigated data set is sufficient for the evaluation of the proposed atomic 
model.  The observed excellent agreement between the theoretical and experimental values 
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Fig. 1.  Energy distribution of the surface and the inside atoms in liquids.  Atoms from inside the 


















Fig. 2.   The proposed vaporization model for monoatomic liquids with one surface layer. 
 




Fig. 3.   The residuals of the latent heat plotted against. a, Atomic radius. b, Surface tension.  In 
both cases the errors are random. 
 
 
Table 1  The physical parameters of the elements used for the investigation and the calculated latent heats for the 
vaporization. 
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Layers Exp. 9 Calc. 
Ratio Average 
Ratio 
3 Li 1.45 0.3985 1620 13.47 1.05 145.9 140.1 1.04 
11 Na 1.80 0.1896 1156 9.61 0.94 97.0 102.3 0.95 
19 K 2.20 0.1026 1047 8.71 0.95 79.9 83.5 0.96 
37 Rb 2.35 0.0855 961 7.99 0.90 72.2 79.0 0.91 
1 
55 Cs 2.60 0.0705 951 7.91 0.83 67.7 79.5 0.85 
0.94 
12 Mg 1.50 *0.5167;8 1380 11.48 0.63 127.4 187.1 0.68 
20 Ca 1.80 *0.2977;8 1757 14.61 0.95 153.6 160.4 0.96 
38 Sr 2.00 *0.2507;8 1656 13.77 0.85 144.0 165.3 0.87 
2 
56 Ba 2.15 *0.2097;8 1913 15.91 0.86 142.0 161.8 0.88 
0.85 
21 Sc 1.60 0.9549 3109 25.85 0.82 332.7 395.5 0.84 
39 Y 1.80 0.8719 3618 30.08 0.77 365.0 457.2 0.80 3 
57 La 1.95 0.7189 3737 31.07 0.90 402.1 444.3 0.91 
0.85 
4 40 Zr 1.55 1.46310 4650 38.66 1.00 573.0 570.6 1.00 1.00 
41 Nb 1.45 1.90011 5200 43.24 1.06 682.0 647.8 1.05 
5 
73 Ta 1.45 2.15011 5698 47.38 1.02 743.0 731.5 1.02 
1.03 
6 74 W 1.35 2.50011 5933 49.33 1.12 824.0 738.9 1.12 1.12 
7 75 Re 1.35 2.70011 5900 49.06 0.89 715.0 793.8 0.90 0.90 
9 77 Ir 1.35 2.25011 4800 39.91 0.91 604.0 660.5 0.91 0.91 
29 Cu 1.35 *0.98612 2840 23.61 1.02 300.4 295.5 1.02 
47 Ag 1.60 *0.64012 2485 20.66 0.96 258.0 268.8 0.96 11 
79 Au 1.35 *0.89913 3129 26.02 1.19 324.0 274.0 1.18 
1.05 
12 80 Hg 1.50 0.42414 630 5.24 1.01 151.0 149.6 1.01 1.01 
13 Al 1.25 1.0505 2740 22.78 1.09 293.0 271.1 1.08 
49 In 1.55 *0.39112 2273 18.90 1.45 231.8 161.1 1.44 13 
81 Tl 1.90 *0.3317;8 1730 14.39 0.82 164.0 195.0 0.84 
1.12 
6 C 0.70 2.10015;16  4173 34.70 1.87 355.8 385.1 0.92d 
14 Si 1.10 0.76015;16 3538 29.42 2.08 359.0 342.6 1.05 d 
32 Ge 1.25 0.60015;16 3106 25.83 1.95 334.0 345.1 0.97 d 
50 Sn 1.45 *0.41512 2543 21.15 1.89 295.8 318.1 0.93 d 
14 
82 Pb 1.80 *0.3107;8 2013 16.74 1.06 177.7 168.9 1.05 
0.98 
15 83 Bi 1.60 *0.2687;8 1833 15.24 0.86 104.8 119.2 0.88 0.88 
10 Ne 0.69 0.00617 27 0.23 2.80 1.7 1.1 1.49 d 
18 Ar 0.97 0.01317 87 0.73 2.50 6.4 4.9 1.31 d 
36 Kr 1.10 0.01617 120 1.00 2.28 9.1 7.7 1.17 d 
18 
54 Xe 1.30 0.01917 167 1.38 2.03 12.6 12.4 1.02 d 
1.25 
58 Ce 1.85 0.7069 3716 30.90 1.00 398.0 396.6 1.00 
59 Pr 1.85 0.7079 3793 31.54 0.81 331.0 397.8 0.83 
60 Nd 1.85 0.6879 3347 27.83 0.71 289.0 383.7 0.75 
62 Sm 1.85 0.4319 2067 17.19 0.63 165.0 240.4 0.69 
L 
63 Eu 1.85 0.2649 1802 14.98 1.17 176.0 151.7 1.16 
0.88 
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64 Gd 1.80 0.6649 3546 29.48 0.83 301.3 355.1 0.85 
65 Tb 1.75 0.6699 3503 29.13 0.84 293.0 339.2 0.86 
66 Dy 1.75 0.6489 2840 23.61 0.85 280.0 324.0 0.86 
67 Ho 1.75 0.6509 2973 24.72 0.79 265.0 326.0 0.81 
68 Er 1.75 0.6379 3141 26.12 0.85 280.0 321.4 0.87 
70 Yb 1.75 0.3209 1469 12.22 0.99 159.0 160.5 0.99 
71 Lu 1.75 0.9409 3675 30.56 0.88 414.0 466.3 0.89 
 * surface tension at boiling temperature (Where the temperature coefficients of the surface tension were reported the surface tensions were 
calculated to the boiling point.  For the rest of the elements the listed surface tensions are given at temperatures close to the melting 
temperature.) 
d double surface layer 
 
